FESHM 5031.1 PIPING ENGINEERING NOTE
g-2 Transfer Line

1. GENERAL
1.1 PIPING SYSTEM DESCRIPTION

Fermilab will be operating the Muon Campus cryogenic system to support the g-2
experiment. Two refrigerators are available for this experiment. The transfer line consists of
three circuits: 1 phase He, 2 phase He, and LN2. The helium circuits will be rated for 65 psig,
the outlet pressure of the wet engines. The nitrogen circuit will be rated for 150 psig, the MAWP
of the system supply dewar. Initial cryogenic operation will be conducted with a Test Box at the
end of the Transfer Line. In the future, the Test Box will be removed and the Transfer Line
connected to the experimental hall cryogenic system.

This document addresses FESHM 5031.1 requirements for design, fabrication, and
installation of the g-2 experiment Transfer Line.

TABLE 1: Summary of Components in the g-2 Transfer Line System

COMPONENT ASSY DWG NUMBER(S)
Refrigerator transfer line, g-2 3973.710-ME-494107
coaxial anchor assembly, g-2 3973.710-ME-494101
Transfer line to g-2 hall, coaxial 3973.710-ME-494185

End Interface box 3973.710-ME-494250

g-2 Test Box (for commissioning only) 3973.710-ME-494417
Valve Box 1650-ME-258100

N2 jumper u-tube F10017636

1.2 REQUIREMENTS

Apply ASME B31.3 Piping Code. The LHe piping has a design pressure rating of 65 psig within
full vacuum. The LN2 piping has a design pressure rating of 150 psig. Per Piping Code, this is
Normal Fluid Service since operating at cryogenic temperatures.

1.3 PHYSICAL LAYOUT AND FLOW SCHEMATIC

The Transfer Line schematic, a portion of the overall system schematics 3973.720-ME-484924
for g-2, is shown below in FIGURE 1. Transfer Line images from the 3D model are shown in
FIGURES 2 & 3. The experimental hall Interface Box image is shown in FIGURE 4. The Test
Box, a temporary component to be used only during initial cryogenic system commissioning, is
shown in FIGURE 5. For final connection to the g-2 experiment cryogenic system, this Piping
Note will be amended to reflect this removal. The LN2 connection u-tube, a new component to
complete the two valve box connections for nitrogen transfer line flow and relieving, is shown in

FIGURE é.



e Socket welds were done per B31.3 para. 328.5.2

e The welding process is performed as per Fermilab qualified WPS, for which PQR
exists. WPS-9-002 was used for butt welding. It is included as APPENDIX E.

e The welder has current WPQRs for the listed WPS which are available upon
request and their copies will be located in APPENDIX E

6. INSPECTION, EXAMINATION AND TESTING

6.1 INSPECTION

AD/Cryo shop supervisor, Greg Johnson (Fermi ID 0533N), served as Owner’s Inspector for the
fabrication process and delegated AD/Cryo Bill Hughes (Fermi ID 05049N) to perform
Examination.

6.2 EXAMINATION

The Normal Service pressure boundary welds are butt welds and sockets welds. The number of
butt welds in the full piping system and the inspection count is shown in TABLE 3. The
inspected welds used visual in-process examination as per B31.3. para. 341.4.1(b)(1) and
para.344.7. See APPENDIX F for in-process examinations records, which include weld maps

and weld mapping lists.
TABLE 3: Welding examination

ASSY DWG# | QTY DESCRIPTION BUTT WELD # INSPECTED #
494107 1 g-2 Transfer Line, Refrigerator Room 62 5
494101 1 coaxial anchor assembly, g-2 2 1
494185 1 Transfer line to g-2 hall, coaxial 8 0
494250 1 g-2 TL end Interface Box 28 3
494417 1 g-2 Test Box (for commissioning only) 34 3
TOTAL 134 12
6.3 TESTING

The piping assembly will be pneumatically pressure tested as per para. 345.5 at 10% above the
design pressure. The helium assembly test pressure will be 73 psig with full vacuum. The
nitrogen assembly test pressure will be 167 psig with full vacuum. See APPENDIX G-1 for
helium piping test record and APPENDIX G-2 for nitrogen piping test record
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APPENDIX E: WPS & WPQR

e Fermilab  Fermi National Accelerator Laboratory

Technical Division-Machine Shop

Welding Procedure Specification |  No. Fermi WPS 88-9-002  |™° a0
Revislon: RI | Date: 60472012 | Romarks: Changed Pipe Diameter Range |_Supporting POR NoJds} _ Fermi PQR S5-9-001
Welding Processes (I GTAW Typel (Manval, Auto, Semiy Manual
Welding Processes | (2) Type 2 {Manuel, Auto, Sem)
Joints (QW-402)
Juint Design | V Groove-Open Roor Details: Single-V Groove Weld  Open bun, no back weld
Backing Material (Type) f Argon Gas Only Raol Opening: O-J/f“ Root Face: 0-1/8" Groave Angle: 60°-00°
Retainer i None I Tyne ! T=Thickness-0.095
Backing Argon Gas
Remaindex Deposited Metal
; : - - x
Hon-Haelte Moilisinon fusing) S —C S
]
SAZ213 Tubs x "¢
Base Metals (QW -403)
PNo. 8 | Group Ne. / ™10 [PNe. 8 [ Group No. 1
Specification Type & Grade | $A 213-07a Type 304/304L | TO | Specification Type & Grade | 84 213-07a Type 30473041
or Chemical Analysis & Mechanical Properties N/A
to_Chemical Analysis & Mechanical Properties N
Thickness Range Process
Base Metal Groove: 0.0625"-0.190" Fillet: Unlimited
Deposited Weld Metal Groove: 0.0625”-0.190 Fillet: Unlimited
Pipe Diameter Range Groove: ™ Nofe¥* Fillet: Uniimired
Other: Approved for aill diameters, all fillet sizes, all joint types (QW211 & QW451.3)
Fidler Metals (QW-404) Process | Process 2
Specification No. (STFA) 59 N/A
AWS No. (Class) - JO8/308L, N/A
F-No, '] N/A
A No. 8 N/A,
Size of Filier Metals 045, 1716, 3/32 N/A
Deposited Weld Metal Thickness Range 0.0625 "-0.190" NA
Electrode-Flux (Class N/A
Flux Trade Name N/A
Consumable Insert N/A
Each Base Matol-Filler Matal combinaiion should ba recorded Ingiviciaiy

Page 1

Use of Formilab Welding Proceduras and Welder Qualifioations for nen-Fotmilab work shafl ba af the sole rsk and responsibliiy of the Subeankacior,
and the Subcontractor shall indemnily and save Fermilab and the gaverment harmiess from any and all ciakms, demands, actions or cruses of aclion,
and for any axpanse of 056 by raason of Subcontratior's and thair smployees possession and use of Femilab procotiures and qualitications.

Farmi Nl Labarstary / Kirk Foad end Pina Street { 1.0, Box 500 1 Bativia, 12 BI510 £ 830.840.3000 { wwwinal gav 7 THEBEMELHov
Offiod of Stlanos / LLS. Dapartment of Energy { Managed by Femmé Resoarch Aliignce, LLC
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i Parmilab Fermi Netional Accelerator Laboratory
Torhrical Divisian-24ackine Sl
Welder Performanee Qualification Record

L Weldery N ] oo A Mgy T AL R AR
......... Weldiag Brocess: | 0] GIAW " T e [ Sammat | md ] S A A
| Latormed in wecordance with: i ol WS S80.007 S o
 doint, [Hiien T vt Wl 1 Tost Canon L. o
f Groove | Dogbie Weidad: Yoy | W N i
S Finpie Wolded | ddedrl-Faged BatalMa-fused | Nepdess L w"f‘__l;_‘p‘»,mgy_ajgg“[gisﬂﬂ N
L T I Tt ey Withew Soi Backtng |
| Bas Motal; | Spectficarion | 54 213, Lepe IOUI0EL | O [ SA 208 Type IO | ASMEP 08 G | | 50 | ASME PR & Ty 7
- Piaty ! Plpe Tube N
| Actund Thickaes: Nomipsl Diwmerer: 1 Actusl Dianzetac Overali Dismeiss 0.500"
Quulified Raype: WeSchedule: | Quallfeas Thizkness Ranae Wall: 0095
e p B Thickness oo Qualifled Diameics Rajge Quilifizd Thickness Raage: 6,5907 Mecimn
e i j T 1 Caailieed Diamator Ronges 8,500 Mindnwr
Filler: | | P Process I Proceys
| Bpectfication: 5.6 Class: 081081, Spocifiontiod Rl R
- Dlan s D45, Jri8 RS ENnmderE): e
] £ 4 o o, K " s i
- Dejpusit Thicknaes: 7,008  Diepnsl Thickness: Range Qualifiction; |
| Wedding Bodltfon: " Gy [ Verieal Thitt Dawy o I
Sins Evpe & Composition; | Shiskding: Argon 0% 99 Roct Side Bluking - Aoy 90,00 o
Bloclrival Chavsereristics LypeQuaenl | &6 § DR pren 1o
FoonploeGMAW | Gprey | Clobulae 1 Pl | Sowlywon
F___,“ o Vhutad Ingpoction o e
Appestance: | Fewcfriosy | indercor § None | Piping dorgsity: | Newe
. Gulded Temd Test L
gLy Type and Pl Reslis Type and Figure  § Rezules
'P":‘- f_:glb 'i"u\al 7 bt e RS R [};ﬁ& _i
S - o i T ,
Resulls Savivfaciory N T Per ASME IX-300% and AWS BI 16 N
L Rudlvgrapher: Affsyweld fepection Cay ine, | Exawiaer: Jenntifer Anave-fevel | Regivier 4 5610 | Bae piemcie
e Fiblet Weld Kes¢ Resudts I
Fracmire Tesr:
- ) Goeatiogt, Najure, arf elae of Crissk o lar i3 Speciawn} . - _—
lamghof Wald: " .t loopik of Defeol: i Percentol Dufvet
e “Fast: Fasion -
! Appratance: Filles Sfee el X _ineh & Conves | 8 Eancve
I Test Conducted by: o . | Lab Tust e et
[ Tugd Verificu by: Roger Mitler (OGN Yeudloation Repop 832720862 f T o R e et e
’ } . Hlgnss
i coriily T (5 stateaents i 5 et a7a Soeect i e e e wolds Wore propiited, woldod, g esied in acortance with o
Llequiremenis of _ASMUCIX.2007 & AWS D1.1-86  Farmi Natforal Acvelerator Laltovatory
11y: Roger- Hilier G367y, . T Thedis: ,
e CH e GGl e A8R010 ]
A (_:_) Anthorred Reprareniadve T

Faruk fatlonal Acoavswion Eaibratory £ iGR Rond ad Fine Givant 7 0.0, Bew SO0 £ Buinsiz, . GRG0 {530 B0 2000 ¢ e X000 4 TprmlRIR Rl s

GBS Odtins of Goinnes UL, Dapason ot gy £ Miuiages vy Faimi Ressarch Alncs, LLE
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AD/CRYOGENICS WELD MAPPING LIST
3973.710-ME-494107 SHT 5

Reference Dwg.

WELD MAP LIST NUMBER
3873.710-WM-484107

REV

RADIOGRAPHIC { IN-

"TITLE: g-2 TRANSFER LINE ASSEMBLY
# | wELD# DATE | WELDERID | SiZE(in) TYPE MATERIAL | | ROCESS INSPECTION
34 | 119 | the iy | Daw U 3/4 Butt 30488 s Process Faspreded
35 | 120 [ |1y | Dy s 3/4 Buit 304 SS

36 | T21 e 1Y ] Pgpn m 3/4 Butt 304 88

371 122 il | foww m 3/4 Butt 304 SS

38| 123 | AN A a0 S8\ [ D e el

39 | N0t [ifzelit [Qyenm 1/2 Butt 304 SS

40 | N2 [ylis{iw | Qo w 142 Butt 304 SS

41| No3_ 1Vl | Daw w 112 Butt 304 SS

42 | N4 i3 il Byan ) 12 Butt 304 SS

43| Nos Moot P Tp Butt 304 SS Fleld weld
44 N0 [y Jiv] Bynem. 112 Butt 304 SS

45 1 No7 Lyl {ury | Byam m 112 Butt 304 S8

a6 | No8 [ o (v 1 112 Butt 304 SS

47 | No9 |yl 112 Butt 304 SS

B N0 | gy \ 1/2 Buit 304 8

49 | N1t | i (v | YAparta 112 Butt 304 SS

50 | N12 | 2138 19 Qymnim 172 Butt 304 SS

511 N3 |y olaml 13 Dok 112 Butt 304 S In-Process Inspected
52 | N14 | {olyolve| O o) 172 Butt 304 SS

53 | N15 | Vabiu | Oy m, 112 Butt 304 SS

54 | N6 | videed iy Qo i 112 Butt 304 §S

55 | N17 | 121%003] Qyanm 112 Butt 304 S8

56 | N18 | 1{e] 4| 2mn n 12 Butt 304 SS

571 N1 il zefiy ] Lyow m 112 Butt 304 SS

58 | N2o [({z]id | Rosni 112 Buit 304 SS

59 | N2t [q[5 iy 112 Butt 304 SS

60 | N2z | |34 172 Butt 304 88

61 ] N23 n Y | Logn an 112 Butt 304 SS

62 | N4 DY [Ryma. 112 Butt 304 SS

63 | N25 [ lo{1y4 [ M 112 Butt 304 SS

"4 N1 ik% L4 l'z:‘/lfrpﬁ\ I/ 1S 2 ot 2o S5
65
66
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Rev: |
February 7, 2013
AD Cryogenics Department

In-Process Weld Examination Form

IFilled by engineer: J

Projeci:vMC'.l g-2 TL
Drawing #: 3973.710-ME-494107  pipe #1 Size: 1 10,

Weld Type: Butt weld WPS #: $S-9-002
Engineer: AlEX Martinez

pate: 12/23/13

weidi 109 Pipe #2 Size: | n. Jeled 1o

Filled by fnspectm‘:
Welder; R. Mahoney

WPQ Qualified? YES[] Other [ ]

Se———

Inspector: G. Johnson

|

Filled by examiner in field:

Examiner:(-/{j\ [“\(UL He S

Date: | !?sii"‘f'

In-Process Visual Examination (see more info on the next page) Check if OK

a) joint preparation and cleantingss
Joint surfaces are free of chips, particles, dust, rust, scale, oil, arease, ete. ‘s//
b) pre-heating: (N/A. if ambient temperature = 50° F [10° C})
ambient femp, pre-heaf temp. £ / A
¢) variables specified by WPS (fill info below):
. ‘. ( v
filler rod material, class, diameter A }i\w y (£
. v
gap o type of purge gas /f]‘f (,,a A
-
purge flow-rate & duration [GeCF M//!) #ets or O, reading A0y v
c)(1) or butt welds:
confirm 1D at end preparation is within 4 1/32” and OD is aligned properly
d) for brazing: position, flux, brazing temperature, wetting, and capillary action
AL
e) for welding: condition of root pass (after cleaning) — external and/or internal
e)(1) for EBMAW (stick welding):
iz

slag removal and weld condition between passes

f} appearance of finished joint:

No visible cracks, lack of fusion, porosity, cbvious imperfections, incomplete penetration

NS

Filler material is fused to edges of parent material

Depth of undercut (< 1/327, N/A if non-existent) M {?




